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Abstract 
The generation of neutrons through nuclear reactions like Be(d,n), necessary to implement Accelerator-Based Boron Neutron 
Capture Therapy (AB-BNCT), requires stable Be deposits on an adequate substrate. In this paper, first results of beryllium 
deposits on Mo, W and Cu substrates are shown. 
In order to achieve the adhesion of the deposits on the different substrates, powder blasting tests under different conditions were 
made. On the other hand, silver deposits were made on some of the samples, previously blasted, to favor the chemical affinity 
between beryllium and the substrate thus improving adhesion, Knowles and Hazlett (1970). Beryllium deposits, on these 
previously treated substrates, were produced using the Physical Vapor Deposition (PVD) technique. Once Be was successfully 
deposited a film of 10.0 r 1.2 μm thickness was obtained. The roughness of substrates and of the beryllium film was determined, 
showing a mean value of 1.4 μm, 1.1 μm and 2.1 μm for Mo, W and Cu (ofhc) substrates, respectively. To study temperature 
effect on deposits, a thermal treatment was performed under brazing temperature conditions.   
Subsequently, deposits were characterized by means of different techniques including XR diffraction and Electron Microscopy 
(SEM).   
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1. Introduction 
Physics and nuclear technology have large areas of activity according to machines and processes: a) Nuclear 
Reactors, through the fission reaction driven by neutrons. b) Particle Accelerators, through nuclear reactions driven 
by charged particles. 
In the last few years these two areas are merging into a new technology called Accelerator Driven Systems 
(ADS) aiming at treatment of long lived and highly radiotoxic nuclear waste by transmutation, Bowman et al. 
(1992). This technology follows a worldwide trend promoted by IAEA among other actors, Kreiner (2009). 
Initial steps into such an activity demand the ability to produce neutron production targets driven by charged 
particle induced reactions. In addition, neutron generation through such reactions is of great interest for Accelerator-
Based Boron Neutron Capture Therapy (AB-BNCT), Capoulat et al. (2011). For example, through the impact of an 
intense deuteron beam of 1.4 MeV and 30 mA on a Be target via the Be(d,n) reaction, sufficient neutrons are 
produced for that medical procedure,  Capoulat et al. (2011).  These targets have to withstand severe thermo 
mechanical, radiation and hydrogen damage conditions. 
First results of potential materials to be used as components in such a neutron production target are shown. For 
this purpose, we aim here at the fabrication of stable beryllium deposits on different substrates to subsequently study 
their physical and mechanical properties under irradiation conditions and hydrogen damage.  
2. Experimental 
We envisage a target consisting of three layers as shown in Fig. 1. First, one needs a stable beryllium layer where 
the generation of neutrons through the 9Be(d,n) reaction takes place. The following layer is made of W, Mo or Cu 
(ofhc) (oxygen free high conductivity copper), materials highly resistant to radiation and hydrogen damage, where 
the charged particles will stop protecting the third layer, whose function is to efficiently carry away the heat 
delivered by the beam.  
The beryllium film thickness plays an important role in the therapeutic quality of the neutron beam; since the 
right selection of the target thickness reduces the fast neutron contribution (which generates negative radiobiological 
effects in healthy tissue). For 1.4 MeV deuterons beam a homogeneous film of 8 to 10 μm is required, Capoulat et 
al. (2011). 
The behavior of tungsten and molybdenum under high proton fluences was reported in Haasz et al. (1999), 
Fukumoto et al. (2008) and Haasz & Davis (1997). On the other hand the high heat conductivity and the capability 
to avoid blistering due to water vapor production are well known in copper (ofhc), Armstrong et al. (1981) and 
Yadava et al. (1980). This last layer which also separates the vacuum from the cooling fluid is called backing. 
2.1 Surface treatment 
To maximize the adhesion of beryllium deposits on different substrates, surface treatments were made by means 
of the powder blasting technique and of metal deposition. For the blasting treatment two kinds of powders were 
used: quartz microspheres and alumina particles. The samples were prepared under 3 bar pressure and two different 
blasting times (30 and 60 second) to produce differences in surface texture. After that, all sets were cleaned in an 
ultrasonic bath for 15 minutes. A thin film of silver was deposited on many of the samples previously blasted to 
enhance adhesion between beryllium and the substrate, Knowles et al. (1970). Physical Vapor Deposition (PVD) 
was the chosen technique in a Leybold Univex 300 at the Centro Atómico Constituyentes (CAC) facilities. A silver 
film of 50 nm was deposited on Cu (ofhc), W and Mo substrates through a tantalum crucible by means of a thermal 
evaporation system. At the beginning of the process the base pressure in the chamber was 5.10-6 mbar and the 
evaporation rate was set  at 20 Å/sec.  
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Fig. 1. Schematic neutron production target. 
2.2 Beryllium deposits 
Beryllium films were prepared through a PVD technique at Combustibles Nucleares Argentinos (CONUAR) 
facilities. 
The samples were fixed in a rotary drum to satisfy the homogeneity of the beryllium film. Safety conditions are 
achieved through a closed vent system dedicated to this operation.  
2.3 Temperature treatment 
A temperature treatment is proposed to study the behavior of the materials during the brazing stage between 
substrate and backing. Four samples in a vacuum chamber at 800ºC were treated for one hour.     
Treatments were performed in a quartz tube filled with argon, previously evacuated. All samples were wrapped 
in a tantalum foil to prevent contact between them and as a getter of the gases produced during heating.    
2.4 Characterization 
Film adhesion stability was performed by means of a tape test technique, Ohring (1991). After that the beryllium 
thickness was measured in a Beta-backscattering Microderm MP 700 with an error of ± 1.2 μm. These two 
characterization techniques were performed at CONUAR facilities. 
Roughness determinations of all samples under study were made by a Taylor Hobson apparatus with an error of ± 
0.01 μm.  
A Panalitycal Empyrean XRD was used to crystallographic determination before and after temperature treatment 
for all samples. 
SEM micrographs were taken from a Philips ESEM QUANTA 200. 
3. Results and Discussion 
3.1. Substrate surface treatment 
The most commonly used parameter in surface texture analysis is the Roughness Average (Ra). Ra is the mean 
height of a resulting profile. Mathematically, Ra is the arithmetic average value of the absolute departure of the 
profile from the reference line throughout the sampling length, Hobson (2006). 
There were no differences on surface roughness between samples blasted with the same powder during different 
time intervals. In the case of the substrates blasted with quartz microspheres, Ra was less than 0.66 μm. In the case 
of substrates treated with alumina particles Ra was less than 3.04 μm. Finally, Ra for substrates with a silver film 
was less than 2.74 μm.  
3.2. Beryllium deposits 
Beryllium deposits for substrates treated with quartz microspheres were not stable. After taking out molybdenum 
and tungsten samples from the rotary drum, the beryllium film was not firmly attached to the substrate. In the case 
of the copper sample, the Be film seemed to be attached, but the tape test was not satisfactory.  
Film of Be 
Backing of 
Cu 
Film of Mo, W 
or Cu (ofhc)
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On the other hand, all beryllium deposits previously blasted with alumina particles and the ones with a silver film 
were stable, even under the tape test. Roughness and thickness measurements were performed for all samples. 
Results are shown in Table 1.  
Table 1. Beryllium thickness and roughness measurements 
 Be/W  Be/Mo  Be/Cu  Be-Ag-W Be-Ag-Mo Be-Ag-Cu 
Thickness (μm) 10.4 10.7 9.0 10.4 10.7 8.7 
Roughness (μm) 1.36 1.51 2.21 1.03 1.58 2.01 
 
Beryllium thickness values for all systems are practically the same, due to the homogeneity of the technique. 
Besides, Be roughness copies  the original profile of the substrate surface.    
As an example of a roughness profile, a beryllium film on a molybdenum substrate is shown in Fig. 2.   
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Roughness profile of beryllium film deposited on Mo substrate 
3.3. SEM pictures and XR diffraction patterns  
SEM micrographs of beryllium deposits before (a) and after (b, c) temperature treatment are shown in Fig.3 to 
Fig.5. In the case of tungsten and molybdenum substrates there were no significant surface differences between (a) 
and (b), Fig. 3 and Fig. 4.  
On the other hand, there were remarkable changes after temperature treatment in the Cu and Ag-Cu systems. 
Before treatment, a homogeneous film of beryllium covered the substrate surface as shown in Fig. 5a. Fig. 5(b) and 
5(c) show the same portion of the sample after treatment, the first one in the normal secondary electron mode, and 
the second one in backscattered electron imaging mode. Beryllium islands are clearly seen surrounded by heavy 
metal. 
All samples before and after temperature treatment were analyzed by XRD. Diffraction patterns are shown in Fig. 
6 to Fig.8. In the case of beryllium deposits on the Ag-Mo substrate there were no changes with the treatment, Fig. 
6. Mo, Ag and Be peaks are clearly visible and no solid solutions are present. 
In the same way, no changes were detected for the Be/W samples. All peaks are generated from the pure metal, 
and no solid phases are present, Fig.7.  
Fig.8 shows beryllium films on a copper substrate XRD pattern. In this case, samples without temperature 
treatment show the characteristics peaks of copper and beryllium. Solid solutions were not detected. However, after 
treatment a new peak appears on 47.6º 2θ angle, corresponding to the solid solution BeCu (1/1). 
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Fig. 3. Beryllium deposits on Ag-Mo substrate 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Beryllium deposits on W substrate 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Beryllium deposits on Ag-Cu substrate 
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Fig. 6. Temperature treatment effect on beryllium film deposited on Ag-Mo substrates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Temperature treatment effect on beryllium film deposited on W substrates 
 
 
 
 
 
 
 
Fig. 8. Temperature treatment effect on beryllium film deposited on Cu substrate 
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4. Conclusions 
In the present work first results of potential materials to be used for a neutron production target for accelerator-
based boron neutron capture therapy (AB-BNCT) are shown. These materials have to be able to withstand the 
mechanical and thermal stresses produced by intense beams of deuterons (of 1.4 MeV with a total current of about 
30mA). To achieve a stable beryllium film of several micrometers and to ensure the quality of the neutron beam 
tungsten, molybdenum and Cu (ofhc) were proposed as candidates for its properties such as high proton fluence 
resistance. In order to enhance the adhesion of the beryllium film, surface treatments were performed such as 
powder blasting techniques with quartz and alumina particles on the proposed substrates. According to the adhesion 
test, alumina powder blasting was the best treatment in order to achieve a stable beryllium film, with or without a 
silver film. On the other hand, temperature treatment confirmed that copper (ofhc) will not be a suitable substrate for 
our purpose due to the instability of the beryllium film under high temperature conditions. Even if beryllium 
deposits were stable on W and Mo, roughness values were too high. It is necessary to improve superficial treatments 
in order to reduce average roughnesses as well as the distance from the highest peak to the deepest valley. 
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